This work investigates the casual effect of childcare attendance on children's school achievements. We analyse data about children's school outcomes in mathematics and language focusing on pupils attending second and fifth grade in Italian primary school in conjunction with data providing public childcare coverage at provincial level. Using IV identification strategy, we show that childcare attendance leads to better school outcomes and early investment in education boosts both mathematics and language skills. For both school grades our results highlight a positive and significant effect of childcare attendance on children's school achievements which does not dissipate over time.
Introduction
Child development is considered to be the outcome of inputs from parents, formal and informal childcare providers, and schools. Especially when children are young, parental care is the most valuable input.
When both parents work, formal childcare is the best substitute, especially for children belonging to low-income families .
In recent years, a growing attention has been put on the role played by childcare services in the every-day life of both parents and children. Childcare provision may help parents to reconcile work and family life and, in particular, can support mothers' participation to the labor market.
However, childcare services do not only represent a place for working parents to leave their children while working. The use of childcare services represents the very first investment in children education and socio-emotional skills development. Many studies have proved that interventions in education during early childhood, when children are aged 0-2 years, lead to better and long-lasting results with respect to the one made later on. Both cognitive and social abilities are more flexible in the very first stage of childhood and every delay in investment in education leads to a higher cost in remedying negative results (Del Boca et al., 2012) . Moreover, returns to early intervention in education are higher for young children belonging to low income families and having low educated parents (Carneiro and Heckman, 2003) .
The choice of childcare arrangement does not only depend on the working status of parents, but also on costs, availability and selection criteria of childcare, as well as socio-cultural beliefs.
If childcare services are too costly or too far away, parents will opt for alternatives like informal childcare.
Informal care is generally defined as care arranged by the child's parents and provided by relatives, friends, babysitters or nannies. However informal childcare is shown to contribute less to child cognitive development. The impact of grandparents care on children education, for example, is not the same gained through childcare institutions. Children looked after their grandparents while aged 0-2 are better in naming objects, but worse in mathematical and problem solving tests with respect to children looked after in formal childcare institutions (Del Boca et al., 2014) .
Childcare services play a significant role in children's cognitive and non cognitive development and expand their provision is an explicit goal in many European countries (EU, 2002) . Italy is characterised by very low availability of childcare provision for children aged 0-2 (Del Boca and Vuri, 2007) . Childcare services are decentralized and the choice to invest in them is made by each municipality. For this reason Italian regions are characterized by considerable differences in availability and costs of the service. The Northern and Central part of Italy show the highest levels of public childcare availability and in some regions, like Emilia Romagna, the supply of childcare services is almost equal to the demand. South of Italy and the Islands report the lowest rate of public childcare availability. According to ISTAT (2014) , in 2012-13 in Emilia Romagna the supply of professionally based public childcare services was equal to 27%, while in Calabria only 2.1 %.
In this paper we investigate the causal effect of investing in early education on children cognitive outcomes in Italy looking at its effects in the medium term. Relying our analysis on both second and fifth grade students of Italian primary school, we investigate the effect of early investment in education at two different stages of children's cognitive development, when they are 7 years and enrolled to second grade, and when they are ending the primary school, at 10 years old.
We contribute to the existing literature showing that benefits gained through childcare attendance on children's educational attainment do not dissipate over time and it holds both for mathematics and language outcomes. For second grade students having attended formal childcare services fosters school achievement in mathematics, while fifth grade students perform better in language test.
The papers is structured as follows. In Section 2 we propose a review of the existing literature on the link between childcare attendance and children cognitive development. In Section 3 we present the data and variables used for our empirical analysis. In section 4 we describe the empirical approach. Section 5 presents the results of our analysis. In section 6 we propose some sensitivity checks. Finally, section 7 concludes.
Previous research
In recent years a growing part of the economic literature has been devoted to investigate the link between early childcare use and children's cognitive and non cognitive outcomes. Psychologists and sociologists have focused their studies mainly on the effect of childcare use on children's emotional and social skills, finding a positive effect of childcare attendance on children's behaviour. Children benefit from childcare attendance when the childcare service is of a high quality (Andersson, 1992 International studies have shown that educational qualities of childcare services are likely to improve individual social, cognitive and economic outcomes. In their seminal works Todd and Wolpin (2003) and Carneiro and Heckman (2003) show that investing in early education has a positive effect on school outcomes. In particular Carneiro and Heckman (2003) show that early intervention on children's education has a long lasting effect on both their cognitive and non cognitive skills and benefits of childcare are stronger for children belonging to low income families and having low educated parents. Using data Along with parents' working status and level of education, the choice to invest in early education is largely determined by the availability of formal childcare services, the costs and the selection criteria.
In countries where the provision of childcare services is mostly public, like in North Europe and Italy, the focus is on the availability of the service. 
Data sources and variables
We use data providing children's school outcomes at primary school and data about public child care availability at provincial level in Italy. Children's school outcomes are from INVALSI, the Italian Institute for the Evaluation of the Education System in Italy. Since 2008, INVALSI is in charge of the design and administration of standardized education tests in Italy providing a complete national survey of students' education achievements in both mathematics and language outcomes. We use data from the INVALSI National Evaluation Service (henceforth SNV) for the school year 2012-13. The SNV test consists of a multiple choice questionnaire aimed to assess students' skills in mathematics and Italian language and it is addressed to students attending second and fifth grade of primary school, third year of lower secondary school and second grade of high school. In our analysis, we focus on students attending Italian primary school. Since 2009, these tests are compulsory for all schools and students.
The outcome variables of our analysis are test scores in language and mathematics. INVALSI provides raw scores of both mathematics and language test and we standardized these by subject and grade to have zero mean and unit variance. In addition to test scores, INVALSI collects socio-demographic in-formation about the students and their parents. The variables we take into account are individual-level covariates indicating gender, citizenship, childcare attendance as well as parents' working status and level of education. Table 1 provides provides some descriptive statistics for both grades. As we can see from table 1, the variable childcare attendance has a high incidence of missing values in both second and fifth grade (32% and 33% respectively). Table 2 and 3 show the characteristics of individuals belonging to the full sample and to the selected sample (the one without missing values of variable childcare attendance).
Implementing t-test for all covariates, we show that the differences in characteristics across the two samples are small, and none of them is statistically significant. Thus, we cannot reject the null hypothesis saying that the difference in means of the variables is equal to zero. We conclude that missing values of variable childcare attendance are random, and we can use it in our analysis.
To overcome the problem of cheating behaviour during the test, INVALSI decided to randomly select a sample of institutions assigning them an external monitor during the test who had two main tasks:
be present in the class during the test and monitor its correct implementation, report student answers on the dedicated answer sheets and transmit them to INVALSI 1 (Angrist et al., 2014) . To improve the reliability of our analysis, we focus on students belonging to public institutions who took the SNV test under the supervision of the external inspector.
To measure child care coverage, we use data from Cittadinanzattiva, an Italian independent consumer organization whose main objectives are the promotion of civic participation and the protection of For fifth grade SNV 2012-13 the final sample is composed by a total number of 22602 students belonging 1 External examiners were selected by INVALSI and the Regional Schooling Authorities mainly among retired teachers and active teachers employed in non-primary school. 2 The field of interest of Cittadinanzattiva are: Education, Health, Law and Justice, Environment and European policies 3 To assess the denominator of this variable, the Italian population aged 0-2, we use "Geo Demo", a web-service held by ISTAT.
to 698 public and monitored institutions.
Empirical framework
In order to estimate the effect of childcare attendance on children's school outcomes we set up a linear regression model.
The basic regression equation is:
where the dependent variable Y ip is mathematics and language test score of student i in province p.
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X ip represents children's observable characteristics (gender and citizenship of the student) while P ip represents parents' observable characteristics ( mothers' employment status and fathers' level of education).
The main variable of interest is C ip , a dummy variable equal to 1 if student i living in province p attended day care services when aged 0-2 years. Finally, ip indicates the error component, both at individual and provincial level, which is uncorrelated with any other variables included in the model.
Since childcare attendance, C ip , is likely to be affected by endogeneity, we use Instrumental Variables method, where public childcare coverage availability at provincial level instruments childcare attendance.
It is plausible that public childcare availability predicts daycare enrolment and has no independent effect on children's school outcomes other than its effect on daycare enrolment.
We estimate our empirical model by 2SLS, where equation (2) is the first stage regression:
In the first stage regression we can see the determinants of the endogenous variable, C ip , and the role played by the exogenous covariates as well as the instrument in determining it. The first stage effect of the instrument is captured by π 1 . Looking at the other covariates, as expected, immigrants perform worse than their Italian counterparts.
Results
Having an employed mother or a father with a high level of education have a positive and significant impact on children's outcomes in both cognitive areas, while children whose father has a primary level of education perform worse in both cognitive areas.
First and second column of table 5 report results from the OLS specifications for fifth grade students.
For fifth grade students, daycare attendance has a positive and significant effect on both outcomes of interest and the gains of early investment in education are larger for mathematics rather than language test.
Last two columns of table 6 report results of the 2SLS estimates. We instrumented the endogenous variable childcare attendance using childcare coverage as instrument.
We can see that having attended daycare services during early childhood has a positive and significant effect on both mathematics and language test scores. Children who attended childcare report a statistically significant 1.031 points higher in mathematics test and a statistically significant 0.678 points higher in language test. Also in this case, for second grade students the effect of daycare attendance on the outcomes is greater for mathematics rather than language. Table 5 , last two columns, show the IV specifications for fifth grade students. In this case, childcare attendance predicts a statistically significant 1.424 points higher score in mathematics test and a statistically significant 1.961 points higher language test score.
In the appendix we report the first stage regressions of our estimates. Table 8 shows first stage results for both grades. Results from the first stage indicate that childcare availability at provincial level positively and significantly predicts children's participation to daycare services. The linear regression of the first stage, show that childcare coverage predicts childcare attendance quite well and it is likely to be a valid instrument for our analysis.
Looking at the results, IV estimates highlight a much stronger effect of daycare attendance on children's cognitive outcomes than the corresponding OLS estimates. The positive and significant effect of daycare attendance on school performance covers both mathematics and language test scores and skills gained through early investment in education, not only do not dissipate in the medium run, but are also stronger for fifth grade students rather than for second grade students.
Robustness checks
We check for the validity of results estimating our empirical model always running OLS and IV specifications, but taking into account for sample and provincial heterogeneity in order to assess the robustness of pur analysis. In order to account for sample heterogeneity, we run the same model looking at the differences between female and male students in cognitive outcomes and returns to early education. We estimate equation 1 for both female and male sub-sample. Panel (a) of table 6 and table 7 show results obtained in running our model only for female sub-sample, while in panel (b) of table 6 and table 7 we show results obtained for the male sub-sample. For both grades results are confirmed: daycare attendance during childhood exert a positive and significant effect on both male and female students' school outcomes. 5 . Both the OLS and IV specifications confirm what obtained in the baseline model and also in this case 2SLS estimates highlight a much larger effect of childcare attendance on cognitive outcomes with respect to the OLS results.
For second grades we can see that also in this case having attended childcare services has a greater impact on mathematics test score rather than language and this is valid for both female and male students. In the case of fifth grade students, instead, childcare attendance during childhood has a larger effect on language outcome for both female and male students. The total coverage of public childcare services is heterogeneous among the Italian provinces (see Figure 1 ). In particular, figure 1 denotes a medium-high availability of public childcare coverage in the North and in the Center, while it denotes a low coverage of public childcare in the South and in the Islands.
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We wonder if our results are driven by differences of childcare coverage in Italian provinces.
We repeat the same analysis dropping provinces with childcare coverage higher than 90th percentile and provinces where child care coverage is lower than 10th percentile. Looking at panel (c) and (d) of table   6 for second grade and panel (c) and (d) of Table 7 for fifth grade, results are confirmed in any case:
returns to investment in early education covers both cognitive areas and its positive and significant effect on children's cognitive outcomes does not fade away over time. Moreover, results obtained for both second and fifth grade suggest that benefits of childcare attendance are higher for children living in provinces where childcare provision is scarce.
Also after controlling for provincial heterogeneity we can see that childcare attendance leads second grade students to better perform in mathematics, while it leads fifth grade students to perform better in language. Looking at the results, also in this case 2SLS estimates denote a larger effect of childcare attendance on cognitive abilities rather than the OLS estimates. We can conclude that our results are robust to the specifications used and to the sample choice adopted.
Conclusions
In this paper, using INVALSI National Survey of Evaluation (SNV) data for the school year 2012-13,
we explore the effect of early investment in education for children aged 0-2 years on their cognitive development. We estimate the effect of childcare attendance on children's school outcomes for students attending second and fifth grade of Italian primary school. We find a positive and significant effect of childcare attendance on children's school achievements for both grades and in both mathematics and language outcomes. We address endogeneity problem of variable childcare attendance using an IV identification strategy. Using data from Cittadinanzattiva, we compute childcare coverage at provincial level in Italy for both grades and we use it as an instrument for childcare attendance. Results obtained
show that children who attended daycare during early childhood report better school outcomes with respect to those who didn't. We show that the positive and significant effect of early education on children's cognitive development does not fade away in the long run and results of fifth grade estimates highlight a stronger effect of childcare attendance on children's cognitive outcomes with respect to results obtained for second year students. Moreover, we find that second grade students having attended childcare perform better in mathematics test, while fifth grade students perform better in language rather than mathematics. We show that benefits of childcare attendance on children's cognitive development are higher for disadvantaged children living in provinces where childcare provision in scarce. We check for the sensitivity of our results running several robustness checks. Taking into account for sample and provincial heterogeneity, our empirical results are confirmed for both grades of Italian primary school and in both mathematics and language outcomes. Mathematics Language Mathematics Language Notes: Significance levels: * p < 0.1 , * * p < 0.05, * * * p < 0.01. Robust standard errors in parenthesis. All outcomes are expressed as z-scores, with mean zero and standard deviation one. Controls: students' gender and citizenship, employed mother, housewife mother, father primary education, father tertiary education. Exogenous excluded instrument: childcare coverage. Sample size: sampled students belonging to public institutions. Notes: Significance levels: * p < 0.1 , * * p < 0.05, * * * p < 0.01. Robust standard errors in parenthesis. Controls: students' gender and citizenship, employed mother, housewife mother, father primary education, father tertiary education. All outcomes are expressed as z-scores, with mean zero and standard deviation one. Exogenous excluded instrument: childcare coverage. Sample size: sampled students belonging to public institutions. Notes: Significance levels: * p < 0.1 , * * p < 0.05, * * * p < 0.01. Robust standard errors in parenthesis. All outcomes are expressed as z-scores, with mean zero and standard deviation one. Controls: students' gender and citizenship, mothers' employment status, fathers' level of education, childcare coverage at provincial level. Sample size: students belonging to sampled public institutions. Notes: Significance levels: * p < 0.1 , * * p < 0.05, * * * p < 0.01. Robust standard errors in parenthesis. All outcomes are expressed as z-scores, with mean zero and standard deviation one. Controls: students' gender and citizenship, mothers' employment status, fathers' level of education, childcare coverage at provincial level. Sample size: students belonging to sampled public institutions. Notes: Significance levels: * p < 0.1 , * * p < 0.05, * * * p < 0.01. Robust standard errors in parenthesis. All outcomes are expressed as z-scores, with mean zero and standard deviation one. Controls: students' gender and citizenship, mothers' employment status, fathers' level of education, childcare coverage at provincial level. Sample size: students belonging to sampled public institutions.
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